Alzheimer disease (AD) is the most frequent cause of dementia. AD diagnosis, progression, and treatment have not been analyzed nationwide in China. The primary aim of this study was to analyze demographic and clinical characteristics related to cognitive decline in AD patients treated at outpatient clinics in China.
Introduction
Alzheimer disease (AD) is a devastating neurodegenerative illness that is characterized by profound impairment of cognitive function, marked physical disability, and an enormous economic burden for the afflicted individual, caregivers, and society. AD is the most common cause of dementia, accounting for more than 65% of dementia cases in the elderly. Progressive cognitive decline is the main characteristic of AD. However, the rate of cognitive decline in AD varies considerably between individuals, with some patients showing rapid and substantial cognitive decline in a relatively short period of time and others showing little or no change over years. [1, 2] Severe cognitive decline during the course of AD has been shown to be associated with a higher mortality rate. [3] [4] [5] A number of studies have investigated factors associated with rapid cognitive decline to identify patients who might benefit most from early intervention. Unfortunately, results have been heterogeneous and often contradictory. Therefore, no reliable conclusions can be drawn about factors associated with rapid cognitive decline. [6] AD diagnosis, progression, and treatment have been analyzed in western countries, but there have been few multicenter studies in China. The primary aim of this study was to analyze the demographic and clinical characteristics that predict cognitive decline in AD patients at 10 outpatient cognitive clinics across 8 cities in China.
Methods

Patients
We conducted a retrospective epidemiological study. From March 2011 to October 2014, we recruited a total of 1993 Chinese patients with AD from 10 hospitals in Tianjin, Beijing, Shanghai, Nanjing, Jinan, Changsha, Yangzhou, and Chongqing, which are large cities in the northern, central, and southwestern regions of China. Other inclusion criteria were a recent diagnosis of probable or possible AD according to the criteria of the National Institute of Neurological and Communicative Diseases and Stroke, the Alzheimer's Disease and Related Disorders Association, [7] and the Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision [8] ; no diagnosis of major psychiatric disorders, such as major depression or anxiety, or other significant neurological diseases, such as vascular dementia or severe cerebral trauma; and no severe systemic disease in the previous 3 months. The presence of comorbid diseases, such as hypertension, diabetes, and heart disease without heart failure, was allowed, and there were no age restrictions. The exclusion criteria were not meeting the diagnostic criteria for AD; a history of drug abuse; the presence of other factors that contribute to cognitive impairment, including metabolic diseases and inflammatory conditions; neuroimaging evidence of a large cerebral infarction or a large area of cerebral hemorrhage; and severe neurologic deficits, including communication disorders and paralysis of the dominant hand. This retrospective study was approved by the Research Ethics Committees of Tianjin Huanhu hospitals, and caregivers or patients provided written informed consent before participating in the study.
Data collected from medical records included age; sex; level of education; symptom duration; body mass index (BMI); family history; history of hypertension, heart disease, stroke, and diabetes; and smoking and drinking habits. Overall, we followed a total of 891 patients from 6 hospitals every 3 months for at least 12 months (range: 12-32 months).
Assessment instruments
Primary outcomes of this study included scores on the Chinese version of the Mini-Mental State Examination (MMSE) and the activities of daily living (ADL) assessment. The secondary outcome was the score on the Montreal Cognitive Assessment -Beijing Version (MoCA-BJ). Assessments were performed at 3-month intervals during the follow-up study. The MMSE is used to evaluate orientation, registration, attention and calculation, recall, and language. [9] Scores on the MMSE reflect the number of correct items and range from 0 to 30. The MoCA-BJ is used to evaluate visuospatial executive function, naming, attention, abstraction, language, delayed memory, and orientation [10] ; scores range from 0 to 30. Lower scores on the MMSE and MoCA-BJ indicate greater cognitive impairment. Scores on the ADL assessment range from 20 to 80, with higher scores indicating greater impairment.
Statistical analysis
Descriptive statistics, including frequencies of categorical variables and means and standard deviations of continuous variables, were determined for the entire group at baseline for the following variables: sex, age, marital status, level of education, BMI, past history, family history, smoking and drinking habits, physician's estimate of symptom duration, MMSE score, ADL score, and MoCA-BJ score. Demographic and clinical characteristics were analyzed using analysis of variance and the KruskalWallis test for continuous variables with non-normal distribution and the Chi-square test for categorical variables, including sex; family history; histories of hypertension; diabetes; heart disease; or stroke; and smoking and drinking habits. The paired-sample t test was used to evaluate changes in the MMSE, MoCA-BJ, and ADL scores from baseline to the 6-month and 12-month follow-ups.
MMSE scores that decrease 3 or more points within 12 months from baseline indicate rapid cognitive decline. [11] Logistic regression analyses were used to explore the sociodemographic and clinical factors associated with cognitive decline. Variables with an odds ratio (OR) P value < 0.05 were included in a multivariate analysis to identify sociodemographic and clinical factors that are independently associated with cognitive decline. P values < 0.05 were considered statistically significant. All data were analyzed using IBM SPSS Statistics for Windows, Version 20.0 (IBM Corp., Armonk, NY).
Results
Patient demographics
A total of 1993 AD patients (1142 females and 852 males) were recruited for this study. Of these, 891 patients were followed for more than 1 year. Patient demographic and clinical characteristics are summarized in Table 1 .
The mean age of the patients was 72.0 ± 10.0 years (range 38-96 years), and the age distribution was as follows: 12.0% were <60 years old; 9.3% were 60 to 64 years old; 14.1% were 65 to 69 years old; 19.4% were 70 to 74 years old; 22.3% were 75 to 79 years old; and 22.7% were ≥80 years old. The mean age at AD onset was 69.8 ± 9.5 years, and 25.3% of the patients were younger than 65 years at the time of onset. Of the patients with AD onset before age 65, 21.5% had a family history of dementia.
Most of the patients had received formal education: 19.9% completed primary school (6 years), 23.2% completed secondary Peng et al. Medicine (2016) 95: 26 Medicine school (9 years), 21.9% completed high school (12 years), and 25.3% completed more than 12 years education. Only 9.7% of the patients were illiterate. The average BMI was 22.9 kg/m 2 . According to Chinese BMI guidelines, 8.5% of the patients were classified as underweight, 54.1% as healthy weight, 27.8% as overweight, and 9.7% as obese.
The mean MMSE score at diagnosis was 15.7 ± 7.7. On the basis of MMSE scores and the National Institute for Health and Clinical Excellence guidelines, [12] we classified patients as having mild AD [MMSE 21-26; n = 696 (34.9%)], moderate AD [MMSE 10-20; n = 809 (40.6%)], or severe AD [MMSE <10; n = 488 (24.5%)]. We observed no significant differences among baseline characteristics in any of the AD groups, including BMI; family history; histories of diabetes, heart disease, or stroke; and smoking and alcohol drinking. We observed significant differences with respect to sex (P = 0.002), age (P < 0.001), educational level (P < 0.001), and history of hypertension (P = 0.006) among the AD groups. In the mild AD group, only 2.2% were illiterate, and 38.3% completed university; in the severe AD group, 22.4% were illiterate, and 15.2% completed university. As expected, symptom duration was also significantly different among the AD groups (P < 0.001) with longer symptom duration in more severe AD: 1.8 ± 1.4 years in mild AD, 3.0 ± 1.9 years in moderate AD, and 4.6 ± 2.4 years in severe AD.
Relevance of anti-dementia drug selection
All patients in this study received their first AD diagnosis in the hospital and did not receive any treatment to improve cognition before their diagnosis. Patients (14.8%) were considered untreated if they received AD treatment for less than 3 months or received no AD treatment after diagnosis. The decision not to receive treatment was influenced by economic burden, family dispute/conflict, and fear of adverse drug reactions. Treated patients received 1 of 5 antidementia drug treatments: donepezil (43.7%), memantine (13.4%), combination of donepezil and memantine (13.0%), exelon (10.4%), or combination of exelon and memantine (4.7%).
Follow-up evaluations
Of the 1152 AD patients in the study across 6 centers, 891 patients completed more than 1 year of follow-up. Of the 261 patients who were lost to follow-up, 11 died and 250 could not be located, had moved, were too ill to be examined, or refused to be followed. Changes in assessment instrument scores during the 12-month follow-up period are presented in Table 2 . AD patients showed stable cognitive status on the MoCA-BJ and a slight cognitive decline on the MMSE at the 6-month follow-up, then significant cognitive decline on the MMSE at the 12-month follow-up. ADL scores increased (worsened) significantly from baseline to the 6-and 12-month follow-ups in the whole population, as well as in moderate and severe AD patients. In the mild AD group, ADL scores were stable at the 6-month followup, but increased at the 12-month follow-up.
Risk factors related to cognitive decline
Of the 891 AD patients who were followed for more than 1 year (range, 12-36 months), 767 had mild or moderate AD (MMSE ≥10 at baseline) and were used to analyze risk factors for rapid cognitive decline. Table 3 summarizes the demographic and clinical characteristics of these 767 mild and moderate patients. Table 4 summarizes ORs for rapid cognitive decline, defined as a decrease of ≥3 MMSE points in 1 year. Rapid cognitive decline was associated with educational level, AD onset age, marital status, smoking, and alcohol drinking. In multivariate analysis for adjusted ORs, having more than 9 years of formal education (adjusted OR = 1.80; 95% CI: 1.11-2.91) and onset age younger than 65 years (adjusted OR = 1.83; 95% CI: 1.09-3.06) remained independent risk factors for cognitive decline (Table 5) . However, not cohabiting, smoker, alcohol drinking were no longer significant risk factors.
Discussion
Mortality has been declining among the old, causing an increase in the proportion of older individuals in China and worldwide, especially in major urban areas. In 2006, a study of 4 major cities in China reported an AD prevalence of 4.8%. [13] In 2012, research from a rural area in Tianjin reported an AD prevalence of 5.4%. [14] However, recent multicenter research has indicated that AD prevalence is underestimated in low-income and middleincome countries, including China, and new estimates of AD prevalence in China are 6.5% in rural areas and 7.6% in urban areas. [15] In western countries, the prevalence of AD increases with age, reaching approximately 30% by 80 years of age. The incidence of AD may be lower in men and in persons of African and Asian descent. [16] In our study, 12% of AD patients were younger than 60 years, and the percentage of patients with AD increased by 4.8%, 5.3%, and 3.9% every 5 years between the ages of 60 and 80 years. More than half (57.3%) of our AD patients were women, and 63.3% of patients with severe AD were women.
Progressive cognitive decline is a fundamental characteristic of AD. [17] In this retrospective study, the mean time from onset of symptoms to diagnosis was 2.9 years, and most patients were diagnosed with moderate (40.6%) or severe (24.5%) AD. Only 34.9% were diagnosed with mild AD. Similarly, a previous multicenter study in China reported a mean time from onset to diagnosis of 1 year, and 67% of patients were diagnosed with moderate to severe AD. [18] These results indicate that most patients with mild AD in China either do not recognize their cognitive decline or choose not to see a doctor in the initial stages of the disease. This may be another reason for underestimation of AD prevalence in China.
Treatments used by patients in our retrospective study included donepezil (43.7%), memantine (13.4%), exelon (10.4%), and combinations of 2 of these medications (17.4%). A small proportion (14.8%) of patients did not receive any anti-dementia treatment. On the basis of MMSE and MoCA-BJ scores, AD patients showed stable cognitive status after 6 months of followup, but significant cognitive decline by 12 months of follow-up. These results are consistent with previous studies of treatment with acetylcholinesterase inhibitors. [19] [20] [21] ADL scores increased (worsened) significantly from baseline to the 6 and 12-month follow-ups. These findings indicate that progressive cognitive decline is a fundamental characteristic of AD that occurs even with treatment. The multivariate analysis also showed that medication could not improve the rapid cognitive decline among our patients. However, this study was not a case-control study designed to assess efficacy of interventions, and other factors were not controlled. More research is needed to better identify AD patients at an increased risk of rapid cognitive decline and to assess the effect of pharmacological interventions in this population.
In our study, only 9.7% of AD patients were illiterate, and 25.3% had more than 12 years of formal education. In contrast, epidemiology studies in mainland China [13, 22] found 36.1% and 30.1% of AD patients to be illiterate and only 11.5% and 9.2% Table 2 Mean to have more than 12 years formal education. On the basis of the dementia prevalence in these studies, there should be a greater number of dementia patients in China without formal education than with more than 12 years of formal education. We hypothesize that patients with more education are more aware of their cognitive decline and more willing to seek diagnosis and treatment. Several studies have addressed the role of education on progression of AD. In our study, having more than 9 years of formal education was an independent risk factor predicting cognitive decline in AD patients. These results are consistent with other studies. In a longitudinal cohort of 154 newly diagnosed AD patients, Musicco et al [23] demonstrated that AD patients with at least 9 years of formal education had a 2-fold risk of rapid cognitive decline. Many other studies have found similar results, [24] [25] [26] [27] [28] [29] leading to the hypothesis that education and occupational attainment provide a sort of "cognitive reserve," protecting individuals from the early clinical manifestations of AD, followed by more rapid deterioration as the disease progresses. Imaging studies have suggested that given comparable clinical severity of dementia, AD pathology is more advanced in patients with higher educational and occupational attainment. [30] [31] [32] Another study showed AD patients with higher education have more rapid cortical atrophy. [33] When more educated patients were aware of their cognitive decline, they were classified clinically as mild or moderate stage AD, but their pathological changes were already advanced. This suggests that there is a tipping point when cognitive reserve can no longer mask the underlying AD pathology, and cognitive abilities decline more rapidly.
In our study, early-onset AD patients were more likely to show rapid cognitive decline than late-onset patients. A study by Ito et al [34] showed that younger subjects had a more rapid decline in cognitive function than older subjects. In a longitudinal study of 1062 patients with possible or probable AD, O' Hara et al [35] found that being 75 years old at the clinic visit was associated with a greater risk for rapid decline. Many other papers have replicated these findings. [27, [36] [37] [38] [39] [40] This observation suggests that early-onset AD, which includes more cases of familial AD, may have a worse prognosis than sporadic cases. Of the patients with AD onset before age 65, 21.5% had a family history of dementia. However, all of the patients were from different families, and only 1 was suspected to have familial AD (PSEN1 mutation) based on an onset age of 43 and having a parent with dementia. Genotyping was only performed on a subset of these patients with AD onset before age 65. Thus, other forms of familial AD could not be excluded.
This multicenter retrospective study had some limitations. First, not all centers completed the 3-month interview follow-up, and 12-month follow-up data were therefore only available for 891 patients. Fortunately, this was a sufficient sample size to analyze risk factors. The short follow-up period of 12 months was second limitation; a longer study might reveal additional risk factors related to cognitive decline in AD patients. Another limitation was the selection bias inherent to a retrospective study; it was not possible to match cognitive scores across different educational levels. Although we analyzed risk factors in mild and moderate AD groups, the mild AD group had a higher educational level than the moderate group, and there was no association of AD severity with rapid cognitive decline. We will continue to follow these patients in future research with a special focus on patients with mild and moderate AD. Finally, a more detailed longitudinal study of disease course and outcomes beyond cognitive function and ADLs would be informative, but this was outside the scope of the current study.
This retrospective study analyzed the diagnosis, clinical characteristics, and medical treatment of AD in 8 large cities in China. Approximately two-thirds of AD patients displayed moderate or severe symptoms at the time of initial diagnosis by neurologists. Cognition, assessed by MMSE and MoCA-BJ scores, was stable at 6 months after diagnosis, but declined by 12 months. Functionality, assessed by ADL, also declined significantly by 12 months. Onset age was 65 years and having more than 9 years of formal education were independent risk factors predicting rapid cognitive decline in AD patients. 
